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Abstract—Software engineering education requires students
to develop technical knowledge and advanced cognitive and
behavioral skills, particularly in the transition from novice to
proficient. In distance learning, the hurdles are greater be-
cause students require greater autonomy, adopting strategies
of self and co-regulation of learning. Facing these challenges,
the SimProgramming approach has been transposed into the
context of DL: e-SimProgramming. In the second iteration of
e-SimProgramming implementation (2019/2020), one adaptation
was inclusion of metacognitive challenges (MC) to promote
students’ self-reflection on their learning process. We explain
the design of the two types of implemented MCs. We provide
qualitative and quantitative analysis of: 1) evolution of MCs
submission throughout the semester, identifying regularity and
completion within deadlines and their relationship to student
success; 2) students’ perceptions of MCs. Results show a positive
correlation between high MC submission and student success,
greater interest and involvement of students in type 2 MCs and
positive perceptions of students about MCs.
Keywords—metacognition, e-learning, software engineering ed-
ucation, self-regulated learning, SimProgramming
I. INTRODUCTION
Software engineering education is challenging, requiring
novice students to master advanced technical skills and tran-
sition into experts by developing adequate cognitive and
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behavioral skills. It is a complex transition, requiring the com-
bination of hands-on practice, educational plans, and adoption
of metacognitive strategies.
These hurdles are compounded in online education, because
distance learning (DL) students need to master greater auton-
omy over their learning process. Therefore, it is fundamental
that they engage in self-regulated learning (SRL) strategies
to succeed. However, students often struggle to self-regulate.
Furthermore, DL students typically have more difficulties
working together, due to personal circumstances (working
students, with family responsibilities and living in different
time-zones) leading to more difficulties in benefiting from the
opportunities for co-regulation of learning.
To address these hurdles, we have been developing the e-
SimProgramming approach, an e-learning adaptation of the
SimProgramming approach, originally developed for face-to-
face education [1]–[6]. The first version of e-SimProgramming
was implemented in the academic year 2018/2019 [7], [8].
Several hurdles were identified, leading to changes in the
academic year 2019/2020. Here focus on one of those changes:
the adoption of metacognitive challenges to promote students’
self-reflection. These implemented: 1) as fortnightly reflections
(FR) about the students’ learning progress (a change from
previous FR), and 2) as questions to promote self-reflection
about programming concepts.
II. BACKGROUND
In software engineering education, the novice-to-expert
transition requires advanced technical skills [9], ability for
abstract thinking, and adoption of metacognitive strategies978-1-7281-6492-2/21/$31.00 ©2021 IEEE
[10]. The Software Engineering Competency Model (SWE-
COM) [11] highlights Cognitive Skills (reasoning, analytical
skills, problem-solving, and innovation), Behavioral Attributes
Skills (aptitude, initiative, enthusiasm, work ethic, willingness,
and trustworthiness), and Requisite Knowledge Skills (cultural
sensitivity, communication skills, team participation skills, and
technical leadership skills). Major bodies in the field, ACM &
IEEE recommend connecting practical aspects of real practice
with educational plans [9].
To successfully deal with the autonomy required in DL,
students must be able to self-regulate their own learning, i.e.
be actively involved in their learning: metacognitively, moti-
vationally, and behaviorally [12]. The relationships between
SRL and academic achievement are significant and positive
across educational levels [13]. An important open question is
how to support the development of SRL in online students.
SRL is a meta-process where students control and regulate
metacognitive, cognitive, behavioural, emotional, and environ-
mental aspects through the adoption of personal strategies to
achieve established goals [14]. Metacognitive awareness is
essential for students to control and monitor these aspects,
obtaining success and good performance [15].
Metacognition is ”thinking about thinking” [16], a con-
tinuous dynamic between monitoring and the capacity for
self-judgment about the cognitive processes, and control the
ability to use these judgments to change behaviour [17]. It
is understood as an internal individual guide that enables
awareness of processes and the adoption of strategies to learn
(e.g. planning, analysis, management, monitoring) [18], [19].
Knowledge about one’s own cognitive and motivational control
involves emotional self-efficacy monitoring and assessment of
metacognitive knowledge [20]–[22]. Metacognitive control are
specific internal processes that guide regulatory behaviours of
cognition allowing the development of SRL [17]. These allow
students to develop their self-knowledge and teach themselves
how to transfer and adapt to new learning environments [23].
This capacity for metacognitive regulation is a characteristic
that distinguishes experts from novices [24].
However, there is a lack of instructional approaches encour-
aging students to become more metacognitive in relation to
their learning [23]. Thus, it is recommended to design learning
environments with instructional support for the development
of metacognitive and SRL strategies [25]. Lin suggests two
approaches to support metacognition [26]: 1) knowledge about
a specific domain (e.g. programming content) and 2) knowl-
edge about how to self-learn (e.g. self-knowledge). In DL,
there is also a positive correlation between academic success
and the adoption of metacognitive and SRL strategies [27],
[28]. However, students have difficulties to adopt metacog-
nitive strategies effectively [29]. It is essential to design
pedagogical activities that allow the appropriate adoption of
these metacognitive strategies and involve students in higher
cognitive level activities [18], [28]. And in online instructional
design the adoption of formative feedback is recommended,
especially when students work in the same task over a long
period, to help develop SRL during the execution of tasks
and to provide opportunities for students to act according to
this feedback [30]. Scaffolding is another strategy that helps
students develop their knowledge construction [24]. Reflective
(metacognitive) scaffolding is one of the types of strategies
that can be adopted in DL, helping students understand their
reflection processes by answering metacognitive questions
[31].
The adoption of metacognitive strategies as reflection
through self-tests with questions about the syllabus and on
the monitoring of learning progress allows the promotion
of student performance and involvement in DL [18]. These
questions can be prompts, considered an effective instructional
means to promote and guide the process of SRL, which can be
conceived as requests for reflection before, during, and after
the learning process [19]. Another strategy to prompt students’
reflection in DL are reflection triggers [32]. These consist of
structured opportunities that trigger mental regulation skills
allowing students to analyse and evaluate their self-learning
using study materials during learning activities [32].
One way to involve students in performing complex tasks,
similar to real world contexts, is through challenges. Chal-
lenges are understood as an invitation or call to action struc-
tured in four parts that form a puzzle: the problem (e.g. tasks,
questions, issues), the process (method and procedures for
solving the problem), the product (the solution or the result
obtained), and the criteria (guidelines for assessing the success
obtained) [33]. We propose a new approach that articulates the
different dimensions that involves a reflective metacognitive
process with the concept of challenges: metacognitive chal-
lenges. Thus, metacognitive challenges arise as a process that
involves the four dimensions of a puzzle associated with the
components of the metacognitive process: problem (questions
to promote the self-reflection); process (the triggers to provoke
the self-awareness about the processes and methods that the
student has to adopt during the learning process); product (the
answer/solution for the next stages of task development), and
the criteria (the evaluation options using a Likert scale).
III. TEACHING CONTEXT AND LEARNING ASSIGNMENT
The online asynchronous course ”Software Development
Laboratory ” (LDS, Portuguese-language acronym), took place
in the academic year 2019/2020, in 2nd semester of the 2nd
year of the Informatics Engineering undergraduate programme
at Universidade Aberta (UAb), using the Moodle platform,
over 12 academic weeks. It is organized along a six-topic syl-
labus (2 weeks per topic) on software architectures, software
engineering techniques, and coding approaches, scaffolding
undergraduates transitioning from novice programmers into
proficient programmers.
The learning goals are: 1) contact with environments, tools
and software development methods, which allow the transition
from individual projects to team projects, on a larger scale;
2) reflect and discover the best ways to develop software,
minimizing costs and maximizing the quality of the software;
3) increase motivation and pleasure in developing software.
The student cohort is heterogeneous in terms of age (24-60),
gender (but predominantly male, 87,3%), residency (through-
out Portugal and abroad), and academic qualifications (includ-
ing non-graduates and non-computing graduates). Typically
students are already part of the workforce.
The course complies with an institutional rule that allows
students to choose between two assessment paths during the
first three weeks of the semester: 1) continuous assessment
(assignments, called e-folios, and a written test, called p-folio),
or 2) final assessment by written exam. In path 1, students were
able to choose between two alternatives: 1.1 (team project) or
1.2 (individual project). All students were given the option to
participate or not in this research, and the informed agreement
included explicit consent for treatment and analysis of the data
on their activity.
The teaching and learning methodology is based on the
development of software projects by students or teams, fol-
lowing a prescribed project development sequence throughout
the semester, with continuous assessment and three moments
for converting that assessment as numerical grades, called
e-folios. E-folios represent 40% of the LDS final grade,
and a final written test comprises the remaining 60% (these
percentages are mandated by institutional rules). The project-
based learning activities of topic 1 and 2 impact e-folio 1,
those of topic 3 and 4 impact e-folio 2, and topics 5 and 6
impact e-folio 3.
There is no specific timetable for carrying out the activities.
Students do them at their own pace, within the deadlines set
for each topic. Activities include asynchronous forum discus-
sions with lecturer and colleagues; performing metacognitive
challenges; and formative assessment tests. In the final topic,
students submit a final project report. Temporal flexibility
is required by the UAb’s pedagogical model [34]. During
the two-week period for each topic, teaching monitors and
encourages learning progress and interaction.
IV. DIFFERENCES BETWEEN THE FIRST ITERATION AND
SECOND ITERATION OF E-PROGRAMMING APPROACH
A. The e-SimProgramming approach
e-SimProgramming is an e-learning adaptation of the face-
to-face SimProgramming approach [2]–[6], based on four con-
ceptual foundations: (1) situated learning, (2) SRL; (3) CRL;
and (4) formative assessment. Face-to-face teaching techniques
were based on technological support [35], advocating problem-
based learning activities in a team, over four phases [3], with
specific tasks of varying duration.
The first attempt to implement the SimProgramming ap-
proach in an e-learning context took place in the academic
year 2015-2016, as part of a master’s thesis [36]. This provided
insights into the challenges and potential of adapting it to DL:
the need for instruments supporting regulation of students’
motivation and effort; team communication; strategies for
providing feedback and time; and assessment strategies. This
first exploration was the inspiration for the first version of
e-SimProgramming [7], [8] in academic year 2018/2019.
B. First iteration vs Second iteration of e-SimProgramming
In the first iteration (academic year 2018/2019) [7], [8], the
changes stemmed from adapting to the e-learning context of
Universidade Aberta (asynchronous DL) and its pedagogical
model [34], as described in section III. Further changes were
introduced: the methodology became project-based instead of
problem-based learning, leading to different tasks. The option
to choose between two continuous assessment paths (group or
individual) was also introduced. In that first research iteration,
some hurdles were encountered [8]: 1) academic procrasti-
nation (e.g., students submitting only in the final topic); 2)
students’ difficulties adopting adequate SCRL strategies; 3)
students’ awareness problems of their difficulties.
Thus, in the second iteration (academic year 2019/2020)
adaptations sought to address the hurdles of the first iteration:
adoption of metacognitive challenges to promote students’
self-reflection: 1) as fortnightly reflections (FR) about their
learning progress (change from previous FR), and 2) as ques-
tions to promote self-reflection about programming concepts.
In this work, we focus on the change in FR, i.e. the moments
of self-monitoring of the learning process by the students [2]–
[4], [8], [37] via metacognitive challenges.
C. Fortnightly reflections vs Metacognitive challenges
1) The Fortnightly Reflections (FR) approach: We used
the Cravino et al. approach [37], adaptating the earlier FR
approach used in the face-to-face context [2], [4]. Using a
Google Forms questionnaire at the end of each of the 6
syllabus topics, students were asked to look upon their learning
process and reflect, by answering the questions: 1) What
tasks did I do in these two weeks? Was I able to carry out
the requested tasks?; 2) Were there reasons preventing task
completion? If so, which?; 3) What do I intend to do in the
coming weeks?
With this, the pedagogical team monitored students’ learn-
ing progress and adjusted pedagogical practices accordingly,
e.g. identifying students’ need of feedback or motivational
support.
In the second iteration (academic year 2019/2020), the
FR approach was replaced with two types of metacognitive
challenges (MC): 1) MC as fortnightly reflections about
the learning progress, and 2) MC to promote self-reflection
about programming concepts. MC (both types) are triggered
primarily by a character-led narrative (Catmming - a fictitious
artificial intelligence [38]) that leads students to reflect
through prompts (questions).
2) MC Type 1: Metacognitive challenges as fortnightly re-
flections about the learning progress: These MC (numbers 6,
10, 13, 15, 17, 18) are conceptually based on the previous FR
approach [2]–[4], [37]. Questions in these MC were adjusted
to the expected development status of the software throughout
the course topics (initial, medium, or advanced), integrating
aspects from students’ metacognitive domain: self-confidence,
self-assessment, and self-awareness.
This type of MCs prompted students to reflect and self-
assess their learning progress (awareness), the development
status of their software, and their self-confidence about their
work (self-efficacy). This is a sample narrative from these
MC, presented by the Catmming character, in MC 6 ”My first
15 days at the SimProgramming Company! ”, which students
encounter in topic 1:
”Catmming:
Knock-Knock
After these first 15 days in contact with the Sim-
Programming company and its work dynamics, how
do you describe your experience so far?! Come on,
reflect upon your progression!”
After reading this narrative, the MC (implemented as
a Moodle quiz) questioned students about their learning
progress: 1) At what learning progression level do I believe
to be within SimProgramming? Why?; 2) Did I experience
difficulties integrating the SimProgramming company? If so,
please describe the difficulties experienced in these past 15
days. How did you deal with them? If you did not, please
explain why; 3) Did I manage to carry out all the tasks
requested by the Boss? If so, indicate what strategies you
adopted to carry out the activities. If not, explain the reasons
for not having been able to carry out the activities.; 4)
What are the next steps I will take in the next two weeks at
SimProgramming?
In the subsequent MC, taking place fortnightly (MC 10, 13,
15, 17, 18), other issues were included (similarly adjusted to
the expected development status of the software project):
1) On students’ self-confidence about their proposal, e.g.
in MC10 - Do you have personal conviction/confidence
that the proposal you’re developing is clear and explicit,
and abides by company procedures? Is it adequate to
undergo the next development stages? Let’s reflect...
2) On students’ self-assessment about their learning
progress and their software proposal under development.
e.g. in MC13 - What is your self-assessment regarding
the demonstration application prototype, regarding its
suitability to undergo subsequent development stages?
Explain the self-assessment you did.
3) On students’ self-awareness about their difficulties and
the strategies they adopted to overcome them; e.g. in
MC15 - Did you experience difficulties in this software
development stage? Why?
3) MC Type 2: Metacognitive challenges to promote self-
reflection about programming concepts: These MC (MC num-
bers 1, 2 ,3 ,4, 5, 7, 8, 9, 11, 12, 14, 16) prompt students
to reflect upon their ability to apply the knowledge about
technical aspects of software development processes, learned
throughout the course.
The following narrative exemplifies these MC, presented
by the Catmming character. It is from MC 9 in topic 2, and
based on two levels of Bloom’s dimensions: metacognitive
knowledge, and the cognitive process of analysis. The goals of
this MC are: a) Students deconstruction of self-preconceptions
regarding structuring of control and data flows; b) Students
self-assessment on having enough knowledge to be able to




Do you feel it worthwhile to reflect upon the internal
structure of the application, dividing it into compo-
nents with different concerns? Or does it seem to you
that this wasted effort, without real effectiveness?
What aspects were most critical in making structural
decisions? Can you foresee a future situation where
changes to requirements or reacting to new problems
that may arise would be eased by this structuring?
Let’s think about it ...”
After reading this narrative, which initiated a Moodle quiz,
the MC questioned students about their self-awareness on
the importance of structuring and decomposing the software
development process as software architecture components, and
led them to self-assess whether their knowledge and skills
enabled this structuring and decomposition. In this example,
one of the questions was: ”What is my level of ability to
foresee a future situation in which changes to requirements
or problems to sort out are eased by this structuring?”
To answer, students would select on a Likert scale: Very
Low; Low; Median; High; or Very High. Then students were
asked to justify their choice.
V. METHODOLOGY AND DATA COLLECTION
Of the 50 students enrolled in the 2019/2020 academic year,
32 agreed to participate in the research. We adopted an ex-
ploratory qualitative and qualitative methodology [39] with the
following goals: 1) understand what pedagogical phenomena
occurred in the metacognitive challenges, during this second
iteration; 2) describe and understand the relationships that exist
between the metacognitive challenges, in particular the fort-
nightly reflections, and the level of learning progress achieved
by the student throughout the various moments of continuous
assessment (e-folios and p-folio) in LDS; and 3) identify
which pedagogical improvements are needed in metacognitive
challenges in the next iteration of e-SimProgramming.
We used quantitative descriptive analysis of the interac-
tions with MC in the Moodle platform: number of submited
metacognitive challenges, number of submissions within the
deadline, evolution of submission of MCs throughout the
semester. Graphs tracked student participation throughout the
course. Data collection, treatment, and interpretation were
carried out by two researchers, with validation and reliability
via review with the support of two other researchers. Qual-
itative data was from thematic analysis [40] of metacogni-
tive challenge 20 (in the 6th fortnightly reflection, MC20-
FR6), with the following questions: 1) ”What is your opinion
regarding Catmming’s (metacognitive) challenges? What is
the level of contribution of fortnightly reflections to organize
your work? Why? ”; 2) ”What suggestions/recommendations
Figure 1. Evolution of submissions of MC and compliance with deadlines
to SimProgramming?” Content analysis matrices were based
on students’ perceptions about metacognitive challenges, and
organized into subcategories, indicators, and recording units
(snippets of sentences) from the analysis by two researchers.
A cyclical process of improvement, synthesis, and reflection
was then conducted with the two other researchers.
Students’ perceptions about MC are organized under 5
subcategories’: 1) difficulties completing the challenges; 2) the
metacognitive challenges innovation; 3) the approach is moti-
vating; 4) helping develop self-regulation learning strategies;
5) improvement suggestions.
VI. RESULTS AND DISCUSSION
A. Submission, deadlines and regularity
1) Overall results: Fig. 1 shows the evolution of the number
of students submitting MCs, within and outside deadlines.
There is higher submission in the e-folio 1 period. Along e-
folios, the trend was of decreasing submissions.
MC5 saw a marked decrease in the number of students
submitting MCs. This MC asked students to explain the
team’s roles. One reason for the decrease may be difficulties
establishing group work. Teams were optional, and all students
opted for the individual work modality.
In MC6 and MC7 the number of students submitting
metacognitive challenges returned to the previous levels. How-
ever, after MC7 (still in e-folio 1), the number of students
submitting metacognitive challenges decreased in each sub-
mission, especially when considering within deadlines.
One of the obstacles identified in previous work [8], [37]
(drop in submissions between the periods of e-folios) re-
mained. Although there is a regular effect between e-folio 2
and e-folio 3, there is some improvement in relation to the
first iteration [37]. Fig. 2 shows the number of metacognitive
challenges submitted by each student. S1 (n=17), S35, and
S52 (n=16) were the students accomplishing the most MCs.
Students S39, S63, and S64 did not deliver any MCs (n=0).
Half of the students (S6, S8, S21, S34, S35, S36, S38, S42,
S44, S45, S46, S52, S53, S56, S59) submitted 50% or more
of the requested MCs (n¿ 9). The other 50% of students (S16,
S23, S25, S37, S39, S40, S41, S43, S46, S50, S54, S57, S60,
S62, S63, S64) submitted less than half (n¡8) of the MCs.
Compared to the first iteration [37], there was an increase in
the number of students submitting MCs and in the quantity of
MCs submitted throughout the course. The adaptation made to
the instructional design from RF to MC was deemed successful
Figure 2. Number of MC submitted by each student
due to the greater involvement of students in this type of
activities, as recommended by the literature [18], [28].
2) Specific results about MC Type 1: Metacognitive chal-
lenges as fortnightly reflections about the learning progress:
In fig. 3, we present evolution of FR submissions (MC6,
MC10, MC13, MC15; MC17, MC18). None of these fort-
nightly reflections had the participation of all students. There
was also a decrease in the number of submissions over time,
although with stabilization in the number of students in the
last three reflections. The FR with highest submissions was
the first - MC6 (n=21). The lowest submissions were for the
last - MC18 (n=8).
Figure 3. Number of students that submitted the fortnightly reflections (MC
type 1)
Fig. 4 analyses submissions of fortnightly reflections per
student: 9 of the 32 students never submitted a FR (S39, S40,
S46, S50, S25, S60, S62, S63, S64). Of those who did, only
3 students (S1, S52 and S59) delivered all the FR. As for the
remaining students, 5 delivered 5 FR (S8, S34, S35, S53 and
S59). 1 student delivered 4 FR (S44) and 2 students delivered
3 FR (S45 and S54). 7 students delivered 2 FR (S21, S23,
S36, S37, S38, S47, S57). 4 students delivered 1 FR (S16,
S41, S42, S43).
Fig. 5 shows the number of students who submitted their
fortnightly reflections within each e-folio period and whether
within deadlines. The maximum number of submitted FRs
was in MC6. The minimum was in the final one, MC18.
The number of students submitting fortnightly reflections was
decreasing after each e-folio, within and outside deadlines
(MC13 and MC17). Particularly, after delivery of e-folio 1,
there was an abrupt decrease in the number of students who
delivered their reflections within the deadline (MC13).
3) Specific results about MC Type 2: Metacognitive chal-
lenges to promote self-reflection about programming concepts:
In fig. 6, we see the same tendency of decreasing submissions
over time as with MC type 1, with a plateau in the number of
submissions in the last 6 MCs (MC9, MC11, MC12, MC14,
MC16).
Fig. 7 shows that 6 of the 32 students (S1, S35, S44, S52,
S56, S59) delivered almost all the type 2 MCs (n¿9). 3 students
(S39, S63, S64) did not submit any MC. These students also
did not deliver any of the FR (MC type 1). Likewise, it appears
that 50% (n=16) of the students (S1, S6, S8, S21, S34, S35,
S36, S38, S42, S44, S45, S47, S52, S56, S57, S59) submitted
equal or more than half of the MC type 2. And another 50%
(n=16) of students (S16, S23, S25, S37, S39, S40, S41, S43,
S46, S50, S53, S54, S60, S62, S63, S64) submitted less than
50% of MC type 2.
There is greater tendency for students to submit MCs of
type 2 than those of type 1 constrating figs. 7 and 4. This may
indicate more interest and focus of students on programming
content (type 2) than on reflecting upon their learning process
(type 1). The evidence shows that the MC approach has
promising results to encourage students to reflect on their
learning, suppressing the need reported in [23], in particular
with type 2 MCs, associated with domain knowledge [26] (in
this case, programming).
Fig. 8 shows the number of students who submitted their
type 2 MCs, between each e-folio period, within and outside
deadlines. the maximum occurred in MC1 and the minimum
in MC12, both within and outside deadlines. The number of
students who submitted MC type 2 fluctuated between e-folio
1 and e-folio 2, but stabilized between e-folio 2 and e-folio
3. Contrary to what occurred with FRs (MC type 1 - see fig.
5), there is a higher rate of students complying with deadlines
in e-folio 1. Only during e-folio 2 (MC11 and 12) and in the
last MC did most students submit after the deadline.
4) Relationship between MC submission and average mark
in the e-folios: Fig. 9 shows that students who submitted a
Figure 4. Number of FR (MC type 1) submitted by each student
Figure 5. Number of FR submitted by students and relationship with e-folios
greater number of MCs (e.g. n¿ 13) also had a positive grade
in the set of e-folios (S1, S34, S35, S42, S44, S52, S56,
S59, S6, S8), confirming a positive relationship between aca-
demic success and the adoption of approaches that stimulate
metacognition and SRL [18], [27], [28].
Likewise, low MC submission (less than half, n¡9) is
associated with low results obtained in the e-folios. I.e., a
relationship between low MC submission and negative learn-
ing outcomes (see S16, S23, S25, S37, S39, S40, S41, S43,
S46, S50, S54, S57, S60, S62, S63, S64), confirming that
low metacognitive awareness is a predictor of insufficient
performance [15].
However, there students who submitted about 50% MC
(n¿8) but were unable to obtain a positive average mark
in the e-folios. These students (S21, S38, S42, S45, S47,
S53) obtained only a mark in the first e-folios that proved
insufficient.
Figure 6. Number of students that submitted the MC type 2.
B. Student´s perceptions about metacognitive challenges
Students expressed the following perceptions about
metacognitive challenges: difficulties completing the chal-
lenges (subcategory 1); the metacognitive challenges are in-
novative (subcategory 2); the approach is motivating (sub-
category 3); helped them develop self-regulation learning
strategies (subcategory 4); and improvement suggestions (sub-
category 5).
Difficulties completing the challenges: three students ex-
pressed their difficulties to complete the challenges: lack
of time because of professional demands (n=1); time man-
agement difficulties associated with the COVID19 pandemic
(n=1); and unspecified time management difficulties (n=1),
one example: ”Professional work often interrupts what is
necessary to be able to complete the challenges posed.” S8,
5/30/2020
Subcategory 2: One student mentioned metacognitive chal-
lenges as innovative and allowing one to go beyond readings:
”The organization in sprints is a new and innovative way of
approaching (...) seems very appropriate and motivating to me,
since it doesn’t just send us to pages in a book.” S1, 6/1/2020
Subcategory 3: Metacognitive challenges are considered a
motivating approach because they help them monitor accom-
plishment of tasks (n=3), for example: ”It keeps pace with our
own development.” S1, 6/1/2020
One student stated: ”(...) Catmming’s challenges (...) were
always presented in such a way that it felt a ’natural’ evolution
of the themes.” S54, 06/07/2020
They considered metacognitive challenges are interesting
(n=2), e.g: ”Catmming’s challenges are interesting (...)” S54,
06/07/2020
And, also that it is an appropriate approach: ”It seems very
appropriate and motivating (. . . )” S1, 01/06/2020
Subcategory 4: the metacognitive challenges help in the de-
velopment of self-regulation learning strategies, namely in the
self-reflection about students’ work (n=1) and in organization
(n=2), e.g.:”The biweekly reflections help me to understand
how I managed to deal with the proposed challenges (...)”
S54, 07/06/2020
Subcategory 5: One student considered that an aspect to
be improved would be the integration of other multimedia
Figure 7. Number of MC type 2 submitted by each student
elements (n=1): ”(. . . ) I missed some support from videos to
help me.” S52, 06/03/2020
According to the students’ perceptions, MCs were an inno-
vative and motivational approach that contributed to helping
students better understand the evolution of their work and to
develop some self-regulation learning strategies: organization
of their study, and their awareness and reflection abilities.
However, some students reported difficulties carrying out the
MCs, mostly related to time management or professional and
personal reasons, and in some cases due to the COVID19 pan-
demic. As an improvement to the MC, one student mentioned
the inclusion of multimedia elements.
VII. LIMITATIONS
This research focused on a descriptive and interpretative
analysis of data. Although the reliability has been guaranteed
through internal vetting of the project researchers, it is neces-
sary in future work to triangulate the data obtained from other
sources and carry out in-depth statistical analysis. Likewise,
it is necessary to conduct a content analysis of the MCs and
relate it to other data.
VIII. CONCLUSIONS AND FINAL THOUGHTS
In the second iteration of e-SimProgramming, there is a
tendency towards decreasing the submission of MCs of both
types 1 and 2, mainly between e-folios 1 and 2, as observed
previously in the first iteration. However, in the transition
between e-folios 2 and 3 the trend in submission of MCs
remained regular, which differed from the first iteration [37].
We conclude that there is promising evidence regarding the
adoption of MCs as an approach to involve students in
activities of a high cognitive level and consequently improve
their performance in learning.
There is a lot of fluctuation in meeting the deadlines for
submission of MCs of types 1 and 2, in particular in e-folio
2 and e-folio 3. However, in e-folio 1, students submitted
MCs type 2 within the established deadlines, revealing that
when reflections are more directly related to the course content
(in this case programming) students show greater interest in
meeting deadlines. This is reinforced by the overall greater
submission of MCs of type 2 than of type 1, indicating greater
interest of students in reflecting on specific learning content
than in reflecting on the learning process.
Students who regularly submitted the MCs had better av-
erage grades, and low submission of MCs by students led to
poorer performance and failure. However, in future work it is
important to find out what happened in specific situations of
students who, despite having submitted a considerable number
of MCs, were not able to succeed in the course.
Overall, students’ perceptions of MCs are positive, as they
consider them to be innovative, motivational, helpful to de-
velop self-regulatory learning strategies, and providing for
greater self-awareness and self-knowledge about their skills.
Figure 8. Number of MC type 2 submitted by students and relationship with e-folios.
Figure 9. Relationship between MC submission and average mark in the e-folios
However, in future work it is necessary to understand how
students can be helped to overcome reported difficulties, such
as time management.
As improvements in the instructional design of the MCs,
we will consider the adoption of tools that help students to be
more aware of the state of progress of their learning through:
visualizations about the tasks that have been submitted and
those that remain to be submitted, and alerts about submission
deadlines. In addition, it is essential that there is feedback from
the teacher regarding MC. It is necessary to proceed with the
adoption of pedagogical strategies that help students to better
define a learning plan that allows them to organize, manage
their time, and overcome the reported difficulties.
With future work, the content of the MC will be analyzed
to identify what type of SCRL strategies were mentioned by
the students and those that are less evident, to understand if
the students’ self-perceptions (self-awareness, self-knowledge,
self-assessment) are balanced with the results obtained (self-
perception-result obtained).
The adoption of MC is an approach with potential, helping
students self-reflect upon their learning process and that can
be implemented in other fields of knowledge involving the
transition from initial skills to proficiency.
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